The amplification of pain long after the initial stimulus may be avoided if the treatment of pain is introduced before its initiation. However, conflicting evidence exists about the efficacy of such preemptive analgesia for the management of postoperative pain. This study compares the efficacy of intraplantar administration of indomethacin (a non-selective inhibitor of cyclooxygenase) and MK886 (an inhibitor of 5-lipoxygenase-activating protein), separately or in combination to produce preemptive analgesia in a model of surgical incisional pain in male Wistar rats. All incised rats (5 to 6 rats per group) had allodynia at 2, 6, and 24 h after surgery as evaluated using von Frey filaments. MK886, but not indomethacin (50 to 200 µg/ paw), reduced the allodynia when injected either 1 h before or 1 h after surgery. The effect of preoperative MK886 (160 µg/paw) against incisional allodynia had a magnitude apparently similar to that produced by postoperative MK886. Pre-, but not postoperative MK886 (80 µg/paw) reduced the allodynia but the effect was seen only at 6 h after surgery. In contrast, MK886 (40 µg/paw) intensified the allodynia observed 2 h after the incision either injected before or after surgery. MK886 or indomethacin alone did not provide preemptive analgesia in the model of incisional pain. In contrast, the combination of MK886 with indomethacin reduced the allodynia more effectively when used before than after surgery, thus fulfilling the criteria for preemptive analgesia. In conclusion, preoperative inhibition of the local generation of both prostaglandins and leukotrienes by surgical incision may be an alternative to provide preemptive analgesia.
Introduction
Injury to peripheral tissues may produce prolonged pain, increased sensitivity to painful stimuli (hyperalgesia) and/or pain following innocuous stimulation (allodynia) (1) .
These changes are usually accompanied by enlargement of the peripheral receptive field and increased excitability of spinal nociceptive cells to peripheral stimulation (2) . A current hypothesis states that excitatory amino acids activating NMDA receptors in the spinal cord produce excessive cell depolarization that contributes to increased pain sensation (3) . According to this hypothesis, the amplification of pain long after the initial stimulus may be avoided if the treatment of pain is introduced before its initiation (4) . Some studies have reported the efficacy of such "preemptive analgesia" in laboratory animals following pre-surgical administration of opioids or of a local anesthetic (5-7). However, a local anesthetic before or soon after the end of surgery did not change the intensity of pain produced by herniorrhaphy (8) or cholecystectomy (9) . Also, differences in the post-surgical pain were not detected in patients submitted to caudal or epidural block, or treated with systemic administration of opioids before or after surgery (10) . The reasons for these conflicting results include the intra-operative administration of opioids as part of the general anesthesia procedures. Alternatively, pain perhaps depends more on the post-surgical peripheral inflammation than on the central sensitization developed during surgery (11, 12) .
Intraperitoneal ketoprofen, but not morphine, dipyrone, diclofenac, or tenoxicam exhibits preemptive analgesic efficacy in a model of postoperative pain in rats (13) . Ketoprofen differs from other non-steroidal antinflammatory drugs because, in addition to inhibiting cyclooxygenase, it also inhibits the 5-lipoxygenase-activating protein, thus preventing the generation of both prostaglandins and leukotrienes (14) . Leukotrienes produce hyperalgesia in animals (15, 16) and human beings (17) , and seem to play an important role in the maintenance of a longlasting nociceptive response (18) . 5-Lipoxygenase inhibitors such as L-615,919 or ZM 230487 inhibit the hyperalgesia induced by platelet-activating factor (19) or nerve growth factor (20) , respectively.
The present study compares the efficacy of local administration of indomethacin, a non-selective inhibitor of cyclooxygenase, to MK886, an inhibitor of the 5-lipoxygenase-activating protein (21) , administered separately or in combination, in producing preemptive analgesia in a model of postoperative pain in rats.
Material and Methods

Subjects and surgery
The experiments were conducted on male Wistar rats (140-160 g) housed two to a cage with free access to food and water and maintained at an average ambient temperature of 24ºC with a 12-h light-dark cycle before and after surgery. The proposals of the Committee for Research and Ethics Issue of IASP (22) were followed throughout the experiments.
Each animal was anesthetized with 2% halothane via a nose cone. Antisepsis of the plantar aspect of the right hind paw was made with a 10% povidone-iodine solution as described elsewhere (23) . A 1-cm longitudinal incision was made with a surgical blade through the skin and fascia of the plantar region, starting 0.5 cm from the proximal edge of the heel. The plantaris muscle was elevated, but its origin and insertion were left intact. After hemostasis, the skin was apposed with two single sutures of 5-0 nylon, and the animal was allowed to recover in the home cage for a period of at least 1 h.
Algesimetric test
Mechanical threshold was measured with flexible nylon Semmes-Weinstein von Frey filaments (Stoelting, Wood Dale, IL, USA). Rats were placed in an elevated clear plastic cage with a nylon mesh bottom, which allowed easy access to the paw plantar surface. Before the test procedures, the animals remained in the cage for approximately 15 min to allow behavioral accommodation. The area tested was 1-2 mm adjacent to the wound near the medial heel of the right hind Preemptive analgesia and postoperative pain www.bjournal.com.br paw and the mechanical thresholds were determined 2, 6, and 24 h after surgery. The paw was touched with one of a series of von Frey filaments with logarithmically incremental stiffness (0.69 to 28.84 g, lower and upper limit of the test, respectively). Each filament was applied from underneath the nylon mesh floor through the mesh, vertically to the plantar surface with sufficient force to bend the filament a little. A single trial consisted of 6 applications of a particular filament, applied once every 3-4 s. Testing was initiated with the 3.63-g filament in the middle of the series. A response was defined as a withdrawal of the stimulated paw. In the absence of a response to a particular filament, the next stronger filament was used; in the case of a response, the next weaker filament was applied. The up-down method was used to record the thresholds (24) .
Drugs
Indomethacin and MK886 were from Sigma-Aldrich Co. (St. Louis, MO, USA) and Tocris Cookson Inc. (Ellisville, MO, USA), respectively. Indomethacin, alone or in combination, was diluted in 50 µL Tris (0.1 M) buffer, MK886 was diluted in 50 µL saline, and administered by the intraplantar route 1 h before, or 1 h after surgery. All injections were made using a 30-gauge needle coupled to a 1.0-mL syringe. All doses in the text refer to the salt.
Statistical analysis
Data are reported as median and interquartile range against time after surgery. The experimental groups were compared by the non-parametric Friedman and KruskalWallis tests. Multiple comparisons after the Kruskal-Wallis test were performed using a two-tailed Mann-Whitney test. The level of significance was set at P < 0.05.
Results
Changes in the incision pain induced by indomethacin
Before the incision no rat responded to any filament in the series, but Tris-treated rats (control) had the mechanical threshold significantly reduced for up to 24 h after the incision. Rats treated with intraplantar indomethacin (200 µg/50 µL) 1 h before surgery had mechanical thresholds significantly higher than control at 24 h after the incision. The thresholds did not differ significantly from control at the remaining times of observation following indomethacin (200 µg/50 µL) or throughout the period of observation in rats treated with smaller doses (50 or 100 µg/50 µL) of indomethacin ( Figure 1A ). The data in Figure 1A differ significantly regarding treatments at time 24 h only (KruskalWallis test: χ 2 3 < 6.0 (P > 0.05) for t = 2 and 6 h, and χ 2 3 = 9.07 (P = 0.028) for t = 24 h), but did not differ regarding time of observation (Friedman test: χ 2 24 = 5.02; P = 0.08). The post-surgical injection of indometh- Figure 1 . Changes produced by indomethacin in the post-incisional paw withdrawal thresholds in response to mechanical stimuli in rats. Indomethacin was administered by the intraplantar route 1 h before (A) or 1 h after (B) surgery. Time after the incision is indicated as hours. The upper limit of the test (28.84 g) is indicated by a dotted line. Bars are the median and interquartile range of 5 to 6 rats per group. *P < 0.05 compared to control (Tris) at the respective time after the incision (Friedman and KruskalWallis tests followed by a twotailed Mann-Whitney test).
(Kruskal-Wallis test: χ 2 3 = 9.75; P = 0.02) and time of observation (Friedman test: χ 2 24 = 27.58; P < 0.0001).
Changes in the incision pain induced by MK886
The intraplantar injection of MK886 (40, 80, or 160 µg/50 µL) performed 1 h before surgery produced significant changes in the mechanical threshold (Figure 2A) . The low dose of MK886 further reduced the mechanical threshold throughout the period of observation, but the effect was significantly different from control (saline) only at 2 h after the incision. The mid-dose of MK886 also reduced the mechanical threshold at 2 h after the incision, but the effect was not significantly different from control. In contrast, the mechanical threshold recorded at 6 and 24 h was dose-dependently increased by the mid-dose of MK866, but the effects were not significantly different from control. Animals treated with the high-dose of MK886 had higher thresholds than control throughout the period of observation, but the differences were significant only at 6 and 24 h after surgery. The data in Figure 2A differ significantly regarding treatments (KruskalWallis test: χ 2 3 = 8.17 (P = 0.04), χ 2 3 = 11.7 (P = 0.008), and χ 2 3 = 11.6 (P = 0.008), for t = 2, 6, and 24 h, respectively), and time of observation (Friedman test: χ 2 23 = 27.4; P < 0.0001).
The post-incision administration of MK886 also produced dose-dependent and significant changes in the incision pain (Figure 2B) . The lower doses of MK886 reduced the mechanical threshold throughout the period of observation, but the effect was significantly different from the control at 2 h after the incision only. The mid-dose of MK886 produced different effects depending on the time of observation: the threshold was not significantly reduced at 2 h, did not differ from control at 6 h, and was not significantly higher than control at 24 h after acin (50 to 200 µg/50 µL) did not significantly change the mechanical threshold throughout the period of observation ( Figure 1B) . The data in Figure 1B were significantly different regarding treatments only at 6 h Preemptive analgesia and postoperative pain www.bjournal.com.br the incision. In contrast, the high dose of MK866 induced an antinociceptive effect that was significantly different from control at 6 and 24 h after the incision. The data in Figure 2B differ significantly regarding treatments at 6 and 24 h (Kruskal-Wallis test: χ 2 3 = 11.8 (P = 0.008) and χ 2 3 = 9.8 (P = 0.02), respectively) and time of observation (Friedman test: χ 2 24 = 14; P = 0.0009). The effects produced by each dose of MK886 when injected before the incision were not significantly different from the effects produced by the same doses injected after the incision (Mann-Whitney test: U ≥ 8; P ≥ 0.09).
Changes in incision pain induced by the combination of indomethacin with MK886
The intraplantar administration of indomethacin combined with MK886 at low (50 µg and 40 µg/50 µL, respectively) or high doses (200 µg and 160 µg/50 µL, respectively) 1 h before the incision produced a significant increase in the mechanical threshold throughout the period of observation (Figure 3A) . The mechanical threshold of rats treated with the combination was significantly higher than of control (Tris) rats throughout the period of observation. The effect obtained after the combination of small doses was less intense than that produced by the combination of high doses, but the difference was not significant. The data in Figure 3A differ significantly regarding treatments at all times (Kruskal-Wallis test: χ 2 2 = 11.6 (P = 0.005), χ 2 2 = 11.4 (P = 0.003), and χ 2 2 = 11.4 (P = 0.003) at 2, 6, and 24 h, respectively) and time of observation (Friedman test: χ 2 18 = 31; P < 0.0001). In contrast, post-surgical administration of the same combinations produced few changes in the mechanical threshold. Thresholds higher than control were obtained only at 24 h after surgery in the group of rats treated with the combination of high doses of each drug (Figure 3B) . The data in Figure 3B did not differ significantly regarding treatments at all times (Kruskal-Wallis test: χ 2 2 = 73.1 (P = 0.695), χ 2 2 = 2.18 (P = 0.33), and χ 2 2 = 5.73 (P = 0.056) at 2, 6, and 24 h, respectively), but differ significantly regarding time of observation (Friedman test: χ 2 17 = 11.4; P = 0.0033).
The effects produced by each combination when injected before the incision were significantly stronger than the effects produced by the same combinations injected after the incision at all times of observation (Mann-Whitney test: U ≤ 4; P < 0.03).
In separate groups of rats, saline (control) or indomethacin combined with MK886 (200 µg and 160 µg/50 µL, respectively) was injected into the hind paw contralateral to the incised paw 1 h before or 1 h after surgery. In these cases, the threshold in the incised paw did not differ significantly from control throughout the period of observation (data not shown in Figures) .
The control groups of the different experiments did not differ significantly during the period of observation (Kruskal-Wallis test: χ 2 ≤ 4.02; P ≥ 0.13).
Discussion
No rat in this study responded to the highest force applied to the hind paw skin before the incision but they all responded to lower pressures after the incision. Therefore, the incision produces mechanical allodynia, i.e., pain from stimuli that are not normally painful. A hind paw incision evokes spontaneous activity of Aδ-and C-fibers (25) , increases the peripheral receptive field (26) and activates and sensitizes dorsal horn cells in the spinal cord (27) . This surgical incision-induced central sensitization can therefore be changed by preemptive analgesia.
The present study shows that the intraplantar injection of MK886, but not indomethacin, changed the mechanical allodynia when injected either 1 h before or 1 h after surgery. The efficacy of indomethacin (3 to 30 mg/kg) against mechanical allodynia induced by a surgical incision in rats has already been demonstrated following oral administration (28, 29) . Therefore, the lack of efficacy of indomethacin is probably due to the low doses used in this study. The intensity of allodynia was reduced by a similar magnitude by MK886 (160 µg/paw) injected either pre-or postoperatively. Pre-or postoperative MK886 (80 µg/paw) produced nonsignificant changes of allodynia throughout the period of observation. In contrast, MK886 (40 µg/paw) injected either before or after surgery increased the mechanical allodynia at 2 h after the incision, but did not change significantly the mechanical threshold during the remaining times of observation.
Inhibitors of 5-lipoxygenase-activating protein are only effective in intact cells (30) . A surgical incision certainly produces cell disruption, thus leading to immediate local arachidonic acid release that could in turn reduce the local efficacy of 5-lipoxygenaseactivating protein inhibitors (31) . In fact, the pronociceptive effect of the low-dose of MK886 was no longer observed when the drug was given with indomethacin.
The current notion about preemptive analgesia admits that the preoperative administration of an analgesic must provide a more effective reduction of pain than an analgesic administered postoperatively (32) . Therefore, MK886 or indomethacin alone does not provide preemptive analgesia in the model of incision pain. Pre-or postoperative injection of MK886 combined with indomethacin significantly reduced the mechanical allodynia. However, the combination was significantly more effective when used before than after surgery, thus fulfilling the criteria for preemptive analgesia.
Intraplantar injection was performed here in a volume of 50 µL to minimize the probability that the injected drug would leak out of the incised skin. Although still possible with this volume, we would expect that the chance of leakage would be the same in all experiments conducted in this study. Indomethacin alone was ineffective and MK886 was less effective alone than in combination with indomethacin. Therefore, the lack of efficacy of indomethacin or the low efficacy of MK886 when given alone is unlikely to be due to drug leakage out of the incised skin. The efficacy of indomethacin combined with MK886 is probably due to the peripheral effects of the drugs, since their combination was ineffective against incision-induced allodynia in the contralateral hind paw.
Zileuton (a 5-lipoxygenase inhibitor) or indomethacin slightly reduced the mechanical and thermal hyperalgesia induced in rats by the contact of the nucleus pulposus with the sciatic nerve (33) , and inhibited the acetic acid-induced writhes in mice (30) . A stronger analgesic effect was obtained when zileuton was combined with indomethacin (33) . In contrast, zileuton was ineffective in the tail flick and hot-plate tests (30) , thus indicating that leukotrienes have a role in persistent, but not in acute nociception. Dual inhibitors of cyclooxygenase and 5-lipoxygenase, such as licofelone (30) , SKF 105809 (33), S-19812 (34), or ketoprofen (13), are effective analgesics in different models of inflammatory or post-incision pain.
The present study demonstrates that preoperative intraplantar administration of drugs leading to inhibition of both the cyclooxygenase and 5-lipoxygenase cascades produces preemptive analgesia in a rat model of incision pain. In contrast, preemptive analgesia is not obtained when only one of these enzymes is inhibited. These results indicate that preemptive analgesia occurs when the local generation of prostaglandins and leukotrienes by surgical incision is pharmacologically reduced.
